The oncogenic effects of epidermal growth factor (EGF) have long been established. EGF receptor (EGFr) is overexpressed in many types of tumors and constitutes a target for cancer treatment. The pituitary gland is a target of EGF action and it is very likely that EGFr plays a role in pituitary tumor formation and progression. However, there is a controversy in the literature concerning EGFr expression in the different types of pituitary adenomas. In the present study we investigated the expression pattern of the wild type EGFr (EGFrWT) and the constitutively active variant III (EGFrvIII) at the mRNA and protein levels in a large series of pituitary tumors. EGFrWT was found in a high percentage of hormone-secreting tumors, but only in a small fraction of non-functioning pituitary adenomas, while no expression of the EGFrvIII could be detected by nested RT-PCR in any tumor. Among the hormone-secreting adenomas, the highest incidence of EGFr expression was found in Cushing's pituitary adenomas. Furthermore, immunohistochemistry for the phosphorylated EGFr revealed the presence of activated EGFr in most Cushing's adenomas, compared with most pituitary adenomas. Taking into account that downregulation of p27/Kip1 plays a significant role in corticotrope tumorigenesis and that EGFr mitogenic signaling results in decreased p27/Kip1, we searched for a correlation between EGFr expression and p27/Kip1 levels in corticotropinomas. Low p27/Kip1 immunoreactivity was observed in corticotropinomas expressing EGFr. On the other hand, somatotropinomas expressing EGFr had high p27/Kip1 immunoreactivity. These data suggest a corticotrope-specific phenomenon and indicate that EGFr may have a role in the unbalanced growth of corticotrope tumoral cells.
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Introduction
Pituitary adenomas are benign tumors which account for 15% of all intracranial neoplasms. Despite the extensive studies performed to elucidate the molecular defects present in pituitary adenomas, their pathogenesis is still obscure (Asa & Ezzat 1998) . Alterations in the expression of tumor suppressor genes, such as p16/INK4 and p27/Kip1, have been described in non-functioning pituitary adenomas (NFPA) and corticotropinomas (CUSH) respectively (Jaffrain-Rea et al. 1999 , Lidhar et al. 1999 , Simpson et al. 1999 ), and we have recently shown that the expression of the putative tumor suppressor gene ZAC is decreased in all types of pituitary adenomas and is dramatically reduced or lost in NFPA (Pagotto et al. 2000) . However, apart from alterations in the expression of genes controlling the cell cycle, it is well known that tumorigenesis and tumor progression can be triggered by the uncontrolled mitogenic action of growth factors. The pituitary gland has been shown to be a rich source of growth factors, which act in an autocrine/paracrine fashion to regulate pituitary hormone secretion and cell proliferation (Renner et al. 1996 , Ray & Melmed 1997 .
One of the growth factors most frequently involved in cancer is epidermal growth factor (EGF). EGF exerts its effects upon binding to a tyrosine kinase receptor, which is the cellular homolog of the v-erbB oncogene product (Downward et al. 1984) . EGF receptor (EGFr) is often found to be overexpressed in a wide range of tumors, such as breast and ovarian cancer and glial cell tumors (Xu et al. 1984 , Klijn et al. 1992 . In addition, the constitutively active variant of the EGFr, EGFrvIII, which derives from an 801 bp in-frame deletion in the extracellular part of the receptor, is often present in several forms of cancer (Sugawa et al. 1990 , Tang et al. 2000 . Furthermore, phosphorylation of EGFr tyrosine kinase was found to associate with pure prognosis of non-small cell lung cancer patients (Kanematsu et al. 2003) .
In the pituitary gland, EGF is an important regulator of hormone secretion and cell proliferation (White & Bancroft 1983 . Despite the fact that there is clear evidence of the presence of EGFr in the normal adenohypophysis (Chabot et al. 1986 , Fan & Childs 1995 , the data concerning the expression of EGFr in pituitary tumors are still controversial (Ray & Melmed 1997 , Dahia & Grossman 1999 . Initial studies had failed to show any EGF binding sites in human pituitary adenomas (Birman et al. 1987) , while further investigations using immunohistochemical and RT-PCR approaches have described EGFr in pituitary adenomas, with one study demonstrating overexpression in most non-functional pituitary adenomas but absence in the hormone-secreting types (Chaidarun et al. 1994) , and another showing EGFr expression in all types of pituitary adenomas but at varying levels (LeRiche et al. 1996) . In the latter study, a positive correlation between EGFr expression and tumor aggressiveness was found. Accordingly, a recent report revealed a broad distribution of EGF-binding sites in human pituitary macroadenomas, especially in macro-prolactinomas, also suggesting a link with tumor invasiveness (Jaffrain-Rea et al. 1998) .
In the present study, we investigated the expression of EGFr mRNA and protein and, for the first time, of EGFrvIII mRNA, in the normal human pituitary and in a broad range of different types of pituitary adenomas, combining results derived from RT-PCR, immunohistochemistry (IHC) and competitive binding assays. In addition, we examined the presence of the phosphorylated EGFr.
Materials and Methods

Tissues
This study was approved by the ethics committee of the Max Planck Institute and informed consent was received from each patient or from their relatives. Samples from five human pituitary glands were obtained from autopsy cases without any evidence of endocrinological disease, with a post mortem delay of between 8 and 12 h. A number of 102 pituitary tumors (19 acromegaly-associated (ACRO), 13 prolactinomas (PROL), 16 CUSH, 5 thyreotropinomas (TSH-oma) and 49 NFPA) were obtained after operation, snap-frozen, and stored at 80 C. From these samples, 72 cases were also available as paraffin-embedded sections (15 ACRO, 9 PROL, 5 CUSH, 3 TSH-oma, 40 NFPA). Forty-seven of one hundred and two adenomas (9 ACRO, 4 PROL, 2 CUSH, 2 TSH-oma, and 30 NFPA) provided enough tissue for additional RNA extraction. Adenomas were diagnosed by clinical, radiological and surgical findings. All tumors were benign and graded according to a modified Hardy's classification (Boggild et al. 1994) .
Five human meningiomas (2 frozen and 3 paraffinembedded) and five glioblastomas (all paraffin-embedded) were used as positive controls for EGFr mRNA expression and for IHC.
RNA extraction and RT-PCR
RNA was extracted from 3 human anterior pituitaries, 47 pituitary adenomas and 1 anaplastic meningioma already known to express EGFr. One microgram RNA was reversely transcribed as previously described (Pagotto et al. 1995) . Two microliters of the transcription reaction were amplified by nested PCR for EGFr and EGFrvIII as previously described (Schlegel et al. 1994) . In brief, PCR was performed using NP1/2 as the outer primer pair, and NP6/7 or JS3/4 as the inner primer pair. NP6/7 amplifies a 1002 bp PCR fragment in the case of wild-type EGFr (EGFrWT), or a 201 bp fragment remaining from the deletion of the coding region of exon 2 through exon 7 that characterizes EGFrvIII. Control PCR using JS3/4 revealed a 391 bp band corresponding to EGFrWT, which is expected in all samples expressing EGFr or EGFrvIII. Fifteen microliters of the reaction products were separated on a 1·2% agarose gel and visualized by staining with ethidium bromide. A plasmid containing an EGFrvIII fragment (201 bp) recognized by the NP6/7, a plasmid containing the 391 bp of the EGFr recognized by the JS3/4, and reversely transcribed RNA from the anaplastic meningioma known to express high levels of EGFr mRNA, were amplified as positive controls (Schlegel et al. 1994) .
The integrity of the RNA from each sample was confirmed by PCR (94 C for 1 min, 60 C for 1 min, 72 C for 1 min; 35 cycles) for human -actin (sense primer: 5 -CTAGAAGCATTGCGGTGGACGATG-3 , and antisense primer: 5 -ACGGGGTCACCCACACTG TGC-3 ; fragment size 660 bp).
Immunohistochemistry (IHC)
To assess the EGFr protein status, two different antibodies (ab) were used: a mouse monoclonal antibody against the intracellular domain of the human EGFr (residues 985-996; clone F4; Sigma, St Louis, MO, USA), and a mouse monoclonal antibody against the extracellular domain of the receptor (clone E30; Biogenex, San Ramon, CA, USA). The first was applicable on both frozen and paraffin-embedded tissues, while the latter was applicable only on paraffin-embedded tissue. To determine the presence of the activated EGFr, the rabbit polyclonal phospho (Tyr992)-EGFr and phospho (Tyr1068)-EGFr antibodies (Cell Signaling Technology Inc., Beverly, MA, USA) were used at 1:100 dilution, only on paraffin sections.
Mouse monoclonal antibodies were used to assess the expression of pituitary hormones, and were diluted as follows: anti-follicle-stimulating hormone 1:800, antiluteinizing hormone 1:800, anti-thyrotropin (TSH) 1:800, anti-prolactin 1:400, and anti--subunit 1:500 (Immunotech, Karlsruhe, Germany); anti-adrenocorticotropin (ACTH) 1:100 (Dako Diagnostika, Hamburg, Germany) and anti-growth hormone (GH) 1:800 (a generous gift from Dr C J Strasburger, Dept. of Medicine, University of Munich, Germany). Rabbit antiserum against the folliculostellate cell marker S100 (Biogenesis, Poole, Dorset, UK) was diluted 1:20. The rabbit polyclonal anti-p27/Kip1 antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA; 1:500), was used to examine the p27 protein levels in some pituitary adenoma cases.
Sections (8 µm) were cut in a cryostat, fixed in freshly prepared 4% paraformaldehyde for 5 min, and stored in 96% ethanol. IHC was performed as follows: after blocking the endogenous peroxidase activity in 0·3% hydrogen peroxide in Tris-buffered saline (TBS) for 15 min, sections were immersed in horse serum diluted 1:10 in TBS for 30 min to reduce nonspecific binding, and incubated with the primary antibody overnight at 4 C. After washing in TBS, sections were incubated in biotinylated horse antimouse or goat anti-rabbit IgG (Vector, Burlingame, CA, USA; 1:300 dilution) for 30 min and in avidin-biotinperoxidase complex (Vectastain Elite Kit, Vector) for 30 min. Immunoreactivity was visualized using 1 mg/ml diaminobenzidine (DAB) as chromogen and 0·01% hydrogen peroxide as substrate. After each step of the staining procedure, the sections were washed three times in TBS for 5 min each. Peroxidase reaction was stopped after 5 min in distilled water, and sections were counterstained in Toluidine Blue, dehydrated and mounted with Entellan.
Paraffin sections were deparaffinized in xylol, gradually rehydrated and then processed as described above. Paraffin sections stained for EGFr with the Biogenex clone E30 ab and for phospho-EGFr were pretreated with pepsin and 10 mM citrate respectively, according to the manufacturer's instructions. Double IHC for the EGFr and hormone colocalization was carried out by performing, first, IHC for the EGFr, visualizing immunoreactivity with DAB, and then IHC for the hormone, visualizing immunoreactivity with Vector Red (Vector), as previously described (Pagotto et al. 2000) . All the buffers used were phosphate-free. Endogenous alkaline phosphatase activity was blocked by adding 10 mmol/l levamisole (Sigma) to the Vector Red substrate.
IHC staining for each tumor was judged by two independent investigators.
EGF binding experiments
Eleven adenomas (2 ACRO, 2 PROL, 7 NFPA; kindly provided by Dr Di Stefano, Rome) were used to compare IHC and EGF-binding as previously described (Jaffrain-Rea et al. 1998) . In brief, frozen samples were homogenized and the membrane pellet obtained by ultracentrifugation was treated with MgCl 2 ; binding experiments were carried out in triplicate using a single 1 nM concentration of 125 I-EGF (specific activity 150-200 mCi/mg, New England Nuclear, Dupont de Nemours, France), which merely correlates with the capacity for high affinity EGF-binding sites in Scatchard analysis (Jaffrain-Rea et al. 1998) . Positive controls were represented by samples from benign prostatic hyperplasia and breast cancer, with known EGFr binding (range: 5-75 and 50-2000 fmol/mg protein respectively) (Lubrano et al. 1993 , Petrangeli et al. 1995 .
Statistics
The percentage of cells immunopositive for EGFr was compared between each tumor category using the Dunn's test. P values less than 0·05 were considered to be significant.
Results
EGFr mRNA expression in normal and adenomatous human pituitary
RT/nested PCR in all three normal pituitary glands resulted in an amplification of the predicted 1002 bp band corresponding to the EGFrWT. One meningioma was used as a positive control. EGFr mRNA expression was examined in 47 out of 102 pituitary adenomas, which provided enough tissue for RNA extraction (Table 1) . EGFr transcripts were found in the 2 CUSH, 6 of 9 ACRO, 1 of 4 PROL, and 19 of 30 NFPA, while the 2 TSH-omas had no detectable EGFr mRNA. The constitutively active EGFrvIII was not detected in any of the 47 tumors studied (Fig. 1A) . Authenticity of amplification products was verified by probing with EGFr cDNA fragments (data not shown; Pagotto et al. 2000) .
EGFr protein in normal and adenomatous human pituitary
To assess the EGFr protein status, two monoclonal antibodies were used, one against the intracellular (clone F4), and the other against the extracellular (clone E30) part of the receptor. Both antibodies were tested on five EGFr-immunopositive glioblastoma and five meningioma tissues (data not shown). The clone E30 ab showed staining mainly of the cell membrane, while clone F4 ab displayed a cytoplasmatic staining. In the case of clone F4 ab, the availability of the homologous antigen enabled us to preabsorb the antibody, confirming its specificity.
In the normal pituitary gland, EGFr immunoreactivity was localized in 10-30% of the anterior pituitary endocrine cells (Fig. 1B) , and the staining was abolished after preabsorption of the clone F4 ab (Fig. 1B, inset) . Double-IHC revealed EGFr immunoreactivity in somatotropes, corticotropes, lactotropes, and gonadotropes (e.g. colocalization with ACTH in Fig. 1C ), which is in accordance with previous observations in rat anterior pituitary cells (Fan & Childs 1995) . In addition, EGFr was found to be expressed in a small percentage of folliculostellate cells, as revealed by the colocalization with the folliculostellate cell marker S100 (data not shown). EGFr expression was examined using the clone F4 ab in a set of 102 pituitary adenomas in cryostat sections. The clone E30 ab worked only in paraffin-embedded sections, therefore IHC using this antibody was possible in 72 of 102 adenomas which were also available as paraffin-embedded sections.
The 102 pituitary tumors were divided into 53 clinically active adenomas and 49 NFPA. From the 53 clinically active adenomas, 28 were immunopositive for EGFr, while only 8 of 49 NFPA displayed EGFr immunoreactivity. As shown in Table 1 , the percentage of endocrine cells immunopositive for the receptor was 2-30% ( 1·651) in ACRO, 1-30% ( 2·273) in PROL and 5 and 10% in the two immunopositive TSH-omas, reaching 50% (10-50% 4·892) in most CUSH (e.g. in Fig. 1D and F) . The percentage of immunopositive cells in CUSH was significantly higher compared with ACRO or PROL (P<0·005). In order to exclude the possibility that the signal observed in these cases of CUSH belongs to normal pituitary cells contaminating the tumor, double IHC was performed and this confirmed that the observed EGFr immunoreactivity is confined to the corticotropes of the tumor (Fig.1G ). In the eight NFPA, EGFr immunopositive cells did not exceed the 10% level (1-10% 0·231; e.g. in Fig. 1E ). The percentage of immunopositive cells in NFPA was significantly lower compared with ACRO (P<0·05) and CUSH (P<0·001). The only silent corticotropinoma (No. 102, Table 1 ) included in the study displayed EGFr expression in 40% of the cells, similar to the clinically active CUSH.
IHC with the clone E30 ab gave similar results. This part of the study was performed in 72 out of 102 tumors for which we had paraffin-embedded sections, since this antibody works only on paraffin; 12 of 32 clinically active and 3 of 40 NFPA were immunopositive for EGFr using the clone E30 ab. Similar to the results obtained with the clone F4 ab, CUSH was the tumor type with the highest number of immunopositive cases (4 of 5 cases) and the highest percentage of immunopositive cells; 4 of 15 ACRO and 3 of 9 PROL displayed 1-30% of immunopositive cells, while 1 of 3 TSH-oma had 10% EGFr expressing cells.
EGF binding in pituitary tumors
Analysis of 11 pituitary adenomas (2 ACRO, 2 PROL, 7 NFPA) revealed a highly variable distribution of EGF binding sites, ranging from 0 to 332 fmol/mg protein. EGFr positivity (d10 fmol/mg protein) was present in the two ACRO (58·7 and 101·3 fmol/mg protein) and the two PROL (228 and 233·2 fmol/mg protein), as well as in two of seven NFPA (332·0 and 65·0 fmol/mg protein).
IHC on the same specimens showed that all the samples negative for EGF binding were also immunonegative for EGFr, while four out of six cases displaying EGF binding had a significant number of EGFr immunopositive endocrine cells. In the other two cases, there were areas with intense EGFr immunoreactivity dispersed throughout the tissue, but the tissue was too fibrotic to identify distinct cells.
Correlation between EGFr and p27/Kip1 immunoreactivity in corticotropinoma cells
p27 is a well known target of EGFr signaling in many cell models (Schlessinger & Ullrich 1992) . In order to see if there is any correlation between expression of EGFr and downregulation of p27/Kip1 in pituitary tumors, IHC was performed for EGFr and p27 in parallel sections in some CUSH and ACRO cases (e.g. in Fig. 2 ). CUSH expressing EGFr had almost no p27 immunoreactivity. On the other hand EGFr expressing ACRO still retained p27/ Kip1 immunoreactivity indicating a corticotrope-specific phenomenon.
Phospho-EGFr protein in normal and adenomatous human pituitary
In order to determine the presence of the activated EGFr in the normal and adenomatous pituitary, IHC was performed using polyclonal antibodies specific for EGFr phosphorylated at two different tyrosines. IHC with an antibody recognizing the EGFr phosphorylated at tyrosine 922 revealed signal in a small number of cells (c1%) in human anterior pituitary, which tended to form small clusters (Fig. 3A) . IHC performed on 46 pituitary adenomas (11 ACRO, 5 CUSH and 30 NFPA), revealed immunoreactivity in 2 out of 11 ACRO (1% and 5% immunopositive cells; Table 1 , Fig. 3B ) and in 4 out of 5 CUSH (2-50% 10·6; Table 1 , Fig. 3C and D) . On the other hand, 3 out of 11 ACRO which expressed EGFr were not immunopositive for phospho (Tyr992)-EGFr (Nos 6, 12 and 14 in Table 1 ), while all the 4 CUSH with EGFr immunoreactivity also had the phosphorylated form. From the 30 NFPA examined, 5 displayed a small number of phospho (Tyr992)-EGFr immunopositive cells, which was less that 1%. As in the case of normal pituitary, phospho (Tyr992)-EGFr immunopositive cells tended to form clusters or to be present in one defined area of the tumor.
No immunoreactivity was detected in the normal and adenomatous pituitaries when an antibody recognizing the EGFr phosphorylated at tyrosine 1068 was used.
Discussion
EGFr plays an important role in the progression of many types of cancer by activation of mitogenic pathways and altering cell cycle progression usually by downregulating the expression of tumor suppressor genes.
In this study we used a wide range of approaches in order to define the presence of EGFr at the mRNA and protein levels in a large number of pituitary adenomas. All the techniques used demonstrated that EGFr expression is not restricted to a specific tumor type, although it is more frequent in clinically active adenomas than in NFPA. Of the 17 clinically active adenomas and the 30 NFPA examined by RT/nested PCR, 12 and 19 respectively expressed EGFr transcript. EGFr protein expression, as assessed with two different antibodies, was found in 25 of 53 clinically active pituitary adenomas. On the other hand, only 8 of 49 non-functioning adenomas displayed EGFr immunoreactivity. Similarly, EGF binding analysis revealed binding sites in all the clinically active adenomas included in the study and in only two of seven NFPA. This discrepancy in the pattern of EGFr expression at mRNA and protein levels in NFPA can be explained by the fact that PCR is a much more sensitive technique able to document the slightest evidence of gene expression. However, immunohistochemical analysis is important since it shows whether the transcript is translated and is probably functionally available.
These data are in agreement with a previous report that has demonstrated EGFr immunoreactivity in hormonesecreting pituitary adenomas (LeRiche et al. 1996) . EGFr has been shown to be present in a fraction of clinically inactive adenomas (Chaidarun et al. 1994 , LeRiche et al. 1996 . In our investigation this fraction is much smaller. This difference can be attributed to the much larger number of NFPA used for immunohistochemical analysis in our study. Despite the fact that EGFr expression has been reported to correlate with tumor invasiveness (LeRiche et al. 1996 , Jaffrain-Rea et al. 1998 ), we could not find any correlation with tumor grade. This can probably be attributed to the lack of extremely aggressive cases or recurrent tumors in our study.
We also investigated the expression of the constitutive active EGFrvIII. Nested PCR on 47 pituitary adenomas failed to amplify the fragment corresponding to EGFrvIII, leading to the conclusion that EGFrvIII is unlikely to have a role in pituitary tumorigenesis.
A surprising finding of our study is that EGFr is more frequently found in CUSH, suggesting that it may be involved in their pathogenesis. The fact that EGFr is also expressed in fibroblasts prevented us from performing Western blot, which is a more quantitative approach than IHC. Nevertheless, a comparison of the percentage of EGFr immunopositive cells revealed that CUSH have significantly more EGFr expressing cells than ACRO, PROL and NFPA. This observation is in line with a previous study which reported EGFr mainly in CUSH (Kontogeorgos et al. 1996) . Furthermore, EGF was shown to affect the proliferation of the mouse corticotropinoma cell line AtT-20 (van Wijk et al. 1995) . CUSH are an interesting tumor entity whose etiology remains obscure (Dahia & Grossman 1999) . However, the finding of very low levels of p27 protein in CUSH led to the assumption that a downregulation of this cell cycle inhibitor may be an important mechanism leading to the progression of this type of pituitary adenoma (Jin et al. 1997 , Lidhar et al. 1999 .
p27/Kip1 is a member of the KIP family which specifically inhibits cyclin E/CDK2, as well as cyclin D/CDK4/6 complexes, therefore blocking the progression from the mid-G1 to S phase of the cell cycle (Sherr 1993) . Studies have shown a clear link between the components of EGFr signaling and p27/Kip1 levels, establishing p27/Kip1 as an important target connecting mitogenic pathways to the cell cycle (Coats et al. 1996 , Fan et al. 1997 , Busse et al. 2000 . In breast cancer cells, overexpression of c-erb2, closely related to the EGFr gene, was found to be responsible for the downregulation of p27/Kip1 (Lane et al. 2000) . Having these data in mind, we sought to examine whether the presence of EGFr in CUSH may be responsible for the low levels of p27/Kip1 found in this type of pituitary adenoma. All CUSH that expressed EGFr had weak p27/Kip1 immunoreactivity suggesting a relationship between EGFr and p27/Kip1. However, p27/Kip1 immunoreactivity in ACRO cases expressing EGFr was still strong compared with that found in CUSH.
Since the status of the activated EGFr in normal and adenomatous pituitary has never been determined before, we sought to examine the presence of phospho-EGFr in ACRO, CUSH and NFPA. IHC was performed using two antibodies, one recognizing the phospho (Tyr992)-EGFr and the other the phospho (Tyr1068)-EGFr. Phosphorylation on tyrosine 992 activates the MAP kinase (MAPK) pathway through phospholipase C-(PLC ; Emlet et al. 1997) , while phosphorylated tyrosine 1068 binds to Grb2 and activates the MAPK/ERK pathway through Sos1/Ras (Rojas et al. 1996) . Phospho (Tyr992)-EGFr was present in all CUSH examined, but only in a few ACRO and was almost absent in NFPA. It is of interest that the few ACRO that expressed EGFr had no phospho (Tyr992)-EGFr immunoreactivity, while all the EGFr immunopositive CUSH had activated EGFr. Phospho (Tyr1068)-EGFr was absent in both normal and tumoral pituitary.
Tyrosine 992, when phosphorylated, binds directly to the SH2 domain of the PLC- (Emlet et al. 1997) . PLC-activates protein kinase C, which triggers the MAPK/ERK pathway through Ras. Furthermore PLCfacilitates the nuclear export of p27/Kip1 which results in its degradation in the cytoplasm (Lee et al. 2002) . It is possible that the abundance of this phospho-EGFr in CUSH is responsible for the decrease in p27/Kip1 immunoreactivity in CUSH. On the other hand, absence of phospho (Tyr992)-EGFr in most ACRO may explain why they retain p27/Kip immunoreactivity despite the presence of EGFr.
In summary, this study demonstrates that EGFr expression is more common in the hormonally active pituitary adenomas than in the non-functioning ones. The finding of activated EGFr expression in CUSH indicates a role for EGF signaling in the unbalanced growth of corticotrope tumoral cells, possibly through the downregulation of p27/Kip1 protein levels. Furthermore, the strong mitogenic effect of EGFr signaling together with the fact that EGFr is expressed at high levels in a significant number of cancer types, makes EGFr a target for therapy. The antiproliferative properties of tyrphostin and other tyrosine kinase inhibitors provide a tool for the pharmacological treatment of EGFr-expressing tumors, while another line of treatment targets the EGFr itself, making use of the anti-EGFr antibody C225 (Mendelsohn 2001) . Considering these, the frequent expression of EGFr in CUSH suggests that such a receptor could be a candidate therapeutic target in this type of tumor.
